The titled bifunctional fiber (FVCPS-f) were prepared by treating chloromethylated vinylbiphenyl-grafted polyethylene-coated polypropylene fiber (0.9 denier, length 3.8 cm) with triethyl phosphite, chlorosulfonic acid, and conc. hydrochloric acid, in successive. Phosphorus and sulfur contents of FVCPS-f were 1.8 and 0.74 mmol/g, respectively and its acid capacity was 4.2 meq/g. Its breakthrough capacity (BC) for Fe(III) gradually decreased with an increase in flow rate of feeds from 20 to 1000 h-1 in space velocity (SV); for instance, its BC at a SV 1000 h-1 was 0.12 mmol/g, whereas commercially available phosphonate resin and monofunctional phosphonate fiber were not able to give practically meaningful BC at such an extremely high flow rate.
Introduction
Phosphonate resins exhibit the high selectivity to Fe(III), [1] but they do not highly swell in strongly acidic solutions because of weak acid nature of organophsophonic acid. [2] Since Fe(III) tends to precipitate as hydroxide above pH 2, its adsorption operation with ion exchangers must be performed in strongly acidic region below pH 2. However, low swelling of phosphonate resins in strong acidic solutions leads to poor capacities and kinetics in the adsorption of Fe(III). To overcome these problems, biftmctional resins having both sulfonate and phosphonate groups were proposed; [3] sulfonate groups in the bifunctional resins enhance swelling in strongly acidic solutions, resulting in satisfactory capacity and kinetics in adsorption of metal ions. In this connection, poly(vinylbiphenyl) is an attractive precursor for bifunctional cation exchangers, since two different functional groups can be introduced into two respective phenyl groups in biphenyl moieties. In this work, therefore, the bifunctional fiber FVCPS-f shown in Scheme 1 was derived from the vinylbiphenyl grafted fiber, Scheme 1 Bifunctional and monofucntional phosphonate fibers (69) which was prepared by electron pre-irradiation induced liquid phase graft polymerization of vnylbiphenyl to polyethylene coated polypropylene fiber (PPPE-f). This short paper describes the preparation of FVCPS$ and its performances in column mode motion and elution of Fe(III). The monofunctional phosphonate fiber FVCP-f was also prepared for the sake of comparison. Table 2 .
Adsorption and elution operations at a given flow rate of the feed were repeated twice, and highly reproducible results were obtained. In the adsorption of Fe(III) by FVCPS-f, on the other hand, breakthrough profiles of Fe(III) were flow rate dependent as shown in the left part of Fig.1 . Total uptake of Fe(III) and breakthrough capacities for Fe(III) decrease with an increase in flow rates as listed in Table 2 , although its total uptake of Fe(III) is much greater than that by FVCP-f even at the extremely high flow rate of 1000 h-1 in SV. These results clearly indicate that the introduction of the sulfonate groups leads to the high swelling of the fiber. Consequently, even functional groups introduced into the bulk of fiber are also active to the uptake of Fe(III). However, it is well known that Fe(III) tend to form bulky polynuclear hydroxide complexes around pH 2. [8] These bulky polynuclear species can not only rapidly diffuse into the bulk of the fiber phases but also their complexation rates with various ligands are slow. Because of these characteristics of Fe(III), the breakthrough profiles of Fe(III) became dependent on flow rates of the feed in the case of FVCPS-f. However, the adsorption rates of Fe(III) by FVCPS-f are much more rapid compared with that of a commercially available phosphonate resin Diaion CRP 200. Figure 1 and Table 2 also give results for the column mode adsorption of Fe(III) by Diaion CRP 200 at flow rate of 1000 h-1 in SV. Although the phosphorus contents of Diaion CRP 200 is 2.5 times greater than that of FVCPS-f, the former can not rapidly take up Fe(III) at the extremely high flow rate of the feed. We have already identified that the presentedd bifunctional fiber exhibits the metal ion selectivity similar to that of the bifucntional resin R4PS; both bifunctional fiber and resin exhibit extremely high selectivity to Fe(III).
[9] Then, we can conclude that the concept of bifunctional cation exchange fibers is promising to realize a highly selective cation exchanger with extremely rapid adsorption rate.
